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INTERNATIONAL ELECTROTECHNICAL COMMISSION

DURABILITY TEST METHODS FOR ELECTRONIC DISPLAYS -
Part 2-23: Environmental tests — Outdoor weathering
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International Electrotechnical Commission (IEC) is a worldwide organization for standardization.con
ational electrotechnical committees (IEC National Committees). The object of IEC is to promote-intert
peration on all questions concerning standardization in the electrical and electronic fields. To-this ¢

aration is entrusted to technical committees; any IEC National Committee interested in the subject dg
participate in this preparatory work. International, governmental and non-governmental-organizations

formal decisions or agreements of IEC on technical matters express, as néatly as possible, an inter

Publications have the form of recommendations for international use and are accepted by IEC N

lications is accurate, IEC cannot be held responsible for the way in which they are used or
nterpretation by any end user.

rder to promote international uniformity, IEC National Committees undertake to apply IEC Publ
sparently to the maximum extent possible in their natjonal*and regional publications. Any divergence b

itself does not provide any attestation of conformity. Independent certification bodies provide coff

ices carried out by independent certification-bodies.
sers should ensure that they have the latest edition of this publication.

iability shall attach to IEC or its directors, employees, servants or agents including individual exp¢g
hbers of its technical committeessand IEC National Committees for any personal injury, property dar
r damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feg
enses arising out of the pgdblication, use of, or reliance upon, this IEC Publication or any oth
lications.

Epensable for the cofrect application of this publication.

draws attention to./the possibility that the implementation of this document may involve the usg
nt(s). IEC takes\no position concerning the evidence, validity or applicability of any claimed patent 1
ect thereof{As.of the date of publication of this document, IEC had not received notice of (a) patent(s
be requifed to implement this document. However, implementers are cautioned that this may not re
latest information, which may be obtained from the patent database available at https://patents.iec.
I not(beheld responsible for identifying any or all such patent rights.
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5. It is

an International Standard.

The text of this International Standard is based on the following documents:

Draft Report on voting

110/1643/CDV 110/1687A/RVC

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 63211 series, published under the general title Durability test
methods for electronic displays, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e re¢onfirmed,
e withdrawn, or

e reyised.
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INTRODUCTION

This document relates to the common environmental test methods for outdoor weathering of
electronic displays, which can overlap with some of the parts of existing IEC TC 110 documents
that describe the environmental test methods of individual technologies, such as LCD, OLED,
PDP, and others. This document is intended to be used as the reference document in future
standards and in revisions of existing ones. The existing standards will be revised in their
maintenance time to refer to this document to the largest extent possible.
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DURABILITY TEST METHODS FOR ELECTRONIC DISPLAYS -

Part 2-23: Environmental tests — Outdoor weathering

1 Scope

This part of IEC 63211 specifies testing methods and environmental conditions for evaluating

durab
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prmative references

llowing documents are referred to in the text in such a way that some ofr)all of their ¢

ments) applies.

P715-5-3, Flexible display devices — Part 5-3: Visual assessment of image quali
S

PO77-2-1, Electronic displays — Part 2-1: Measurements of optical characterig
mental measurements

PO77-2-2, Electronic displays — Part 2-2; Measurements of optical characterig
nt performance

po77-2-81, Electronic displays — Part 2-8: Measurements of optical characteris
tive displays

B92-1:2016, Plastics — Methods of exposure to laboratory light sources — Part 1: G
ce

brms and definitions

d rain.

bntent

constifutes requirements of this document. For dated references, only the'edition cited applies.
For undated references, the latest edition of the referenced degument (includin

j any

y and

tics —

tics —

tics —

eneral

e purposés-of this document, the terms and definitions given in ISO 4892-1 anpd the
ng apply.
nd/JEC maintain terminology databases for use in standardization at the fol

owing

addre

ooCoT

o |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp

T Under preparation. Stage at the time of publication: IEC FDIS 62977-2-8:2025.
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3.1

black standard temperature

insulated black panel temperature

characteristic value of the test specimen(s) surface temperature measured by an insulated
black panel thermometer, consisting of a black painted stainless steel panel and a resistance
temperature sensor embedded in insulating material (white polyvinylidene difluoride (PVDF))
attached

Note 1 to entry: More details are described in ISO 4892-1:2016, 5.2.2.1.

Note 2 to entry: It is designed to approximate the maximum surface temperature of any material with thermal
insulating properties and for control in weathering test apparatus.

[SOURCE: ISO 4892-1:2016, 5.2.2.1, modified — notes have been added.]

3.2

black|panel temperature

uninsulated black panel temperature
charagteristic value of the test specimen(s) surface temperature measured by an uninsplated
black panel thermometer, consisting of a black painted stainless steelpanel and a resigtance
tempgrature sensor attached

Note 1 fo entry: More details are described in 1ISO 4892-1:2016, 5.2.2.2.

Note 2 fo entry: It is designed to approximate the maximum surface temiperature of any material and for cqntrol in
weathefing test apparatus.

[SOURCE: ISO 4892-1:2016, 5.2.2.2, modified — notés have been added.]

4 Principle

4.1 General

The tgst specimens to be tested are,exposed to laboratory light sources and water spraysfunder
contrdlled environmental conditions.” The methods described include the requirements |which
have 1o be met for the measureément of the irradiance and radiant exposure in the plane|of the
specimen, the temperature of gpecified white and black sensors, the chamber air tempefrature
and the relative humidity.

4.2 |Light source

A xenpn arc, fitteéd with filters, is used to simulate the relative spectral irradiance of dayljght in
the ulfraviolet((UV) and visible regions of the spectrum.

4.3 Eavironmental conditions

The test specimens are exposed to various levels of irradiance, temperature, relative humidity,
and water under controlled environmental conditions.

The exposure conditions are varied by the selection of:

a) the light filter(s);
b) the irradiance level,;
c) the temperature during exposure to light;

d) the relative humidity in the chamber during light and dark exposures, when exposure
conditions requiring control of humidity are used,;

e) the way the test specimens are wetted;

f) the water temperature and wetting cycle;
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g) the relative lengths of the light and dark periods.

Wetting is produced by spraying the test specimens with demineralized or deionized water onto
the surfaces of the specimens.

5 Apparatus

5.1 Laboratory radiation source

511 Xenon arc lamp

The rmmmt emit
radiation from below 270 nm in the ultraviolet through the visible spectrum and into the)infrared.
In order to simulate solar radiation, filters shall be used to remove short-wavelength UV
radiation (see Table 1). In addition, filters to remove infrared radiation can be used to pfrevent

unrealistic heating of the test specimen(s), which can cause thermal ‘degradation not
experienced during outdoor exposures.

5.1.2 Spectral irradiance of xenon-arc lamp(s) with daylight filters

Filterd are used to filter xenon-arc emissions in order to simulate solarradiation. The benchmark
of solar radiation in this document is CIE spectral irradiance.,™CIE-H1" in CIE 241|2020,
Recommended Reference Solar Spectra for Industrial Applications, Table 1 [1]. Because
laborgtory radiation source never exactly reproduces_ the benchmark, the minimumm and
maxinmum levels of the relative spectral irradiance in the-UV wavelength range shall confprm to
Table|1. This table gives the relative irradiance in)the given passband, expressed| as a
percentage of the total irradiance between 290 nm:xand 400 nm.

Tlable 1 — Relative spectral irradiance_ of'xenon-arc lamp(s) with daylight filterg?
$pectral passband Minimum?® Maximum?P Reference "CIE-H1" (in CIE 241)
(4]= wavelength in nm) (%) (%) (%)
A <290 - 0,15 -
290 <1 <320 2,6 7,9 5,9
320 < 1 £ 360 28,2 39,8 40,4
360 <1 <400 54,2 67,5 53,8

28 THe minimum and maximum limits in this table are based on more than 100 spectral irradiance measurements
with water- and aircooled xenon-arc lamps with daylight filters from different production lots and of vprious
ades, used in¢accordance with the recommendations of the manufacturer. As more spectral irradiancé data
become availaple, minor changes in the limits are possible. The minimum and maximum limits are af least
thfee sigma.from the mean for all the measurements.

b THe mihimum and maximum columns will not necessarily sum to 100 % because they represent the minima
anld'nfaxima for the measurement data used. For any individual spectral irradiance, the percentages calcplated
folthepassbamds T thistabtewitt summto—+00—%6—Forany - mdividuat xemom=arctampwithdaytight fitters, the
calculated percentage in each passband shall fall within the minimum and maximum limits given. Exposure
results can be expected to differ if obtained using xenon-arc apparatus in which the spectral irradiances differ
by as much as that allowed by the tolerances. Contact the manufacturer of the xenon-arc apparatus for specific
spectral irradiance data for the xenon-arc lamp and filters used.
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5.1.3 Uniformity of irradiance

The exposure area shall be designed such that the irradiance at any location used for test
specimen(s) exposure is at least 70 % of the maximum irradiance measured in this area. If the
minimum irradiance at any position in the area used for test specimen(s) exposure is between
70 % and 90 % of the maximum irradiance, the test specimen(s) shall be periodically
repositioned to reduce the variability in radiant exposure. The repositioning procedure and
schedule shall be agreed upon by all interested parties.

NOTE 1 Procedures for measuring irradiance uniformity by the device manufacturers are given in ISO 4892-1:2016,
Annex A.

A PN o il : " . : e : } . :
NOTE 4 ATITICTA A UTSUTTUTS SUTTC PJUSSTUTS SPTUITTITTT PIdUTTIICTIU AdTTU TS PUUSTUHUTIITTY PIalls dimfu TTeYUTTILITS.

5.2 Test chamber

A labgratory radiation source is used to provide irradiance for the test specinien(s). The test
chamﬂ>er shall be water resistant and means shall also be provided whereby the spegcified
condiffons of temperature, air flow and humidity can be maintained within_it. The test chamber
should be inspected periodically for signs of degradation such as corrosion or colour ghift in
coated surfaces.

Shoulgd any ozone be generated from operation of the lamp(s),\the lamp(s) shall be isplated
from the test specimens and operating personnel. If the ozone\s in an air stream, it shall be
vented directly to the outside of the building.

5.3 Radiometer

When|a radiometer is used, it shall comply with the)fequirements outlined in ISO 4892-1(20186,
5.1.7.

5.4 |Temperature

The tgmperature-sensing element shall be shielded from the radiation source and water gpray.
The chamber air temperature measured at this position is not always the same as the chamber
air temperature near the surface(f the exposed test specimen(s).

The t¢mperature within the ‘chamber during irradiation shall be controlled in accordancge with
Table|2. The black standard temperature or black panel temperature shall be controlled (see
Table|2). If the test is‘eonducted under other temperature conditions with mutual agrepment
betwegn interestedyparties, they shall be reported.

5.5 |Humidity

The hpmidity within the chamber during irradiation and darkness periods shall be controfled in
accorganee with Table 2. If the test is conducted under other humidity conditions with rputual
agreement between interested parties, they shall be reported.

NOTE The relative humidity of the air can have a significant influence on the photodegradation of polymers.
5.6 Spray cycle

The test chamber shall be equipped with a means of directing an intermittent water spray onto
the exposed surface of the test specimen(s) under specified conditions. The spray shall be
uniformly distributed over the specimen(s). If the test specimen(s) is not flat, the way in which
products are sprayed should be determined by agreements between interested parties. The
spray system shall be made from corrosion-resistant materials that do not contaminate the
water used.
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The water sprayed onto the test specimen(s) surfaces shall have a conductivity below 5 pS cm-1,
contain less than 1 ug g-! dissolved solids and leave no observable stains or deposits on the
test specimen(s). Silica levels shall be kept below 0,2 pg g-!. A combination of deionization and
reverse osmosis can be used to produce water of the desired quality. Recirculation of water
used for specimen spray is not recommended and shall not be done unless the recirculated
water meets the purity requirements listed above.

5.7 Apparatus to assess changes in properties

If an International Standard relating to the determination of the properties chosen for monitoring
the changes in properties exists, the apparatus specified by the International Standard

o bhall kb A
Conce Mmou olrdinT vo UoTu.

6 Test specimens

Test gpecimens using this test method shall be one of the following configtrations and the
applie[d configuration shall be reported:
— digplay;

— di
— di

gplay module;

gplay panel.

If the |specimen cannot be mounted to apparatus because-of oversize, the appropriatg size
specimmen that has the same function and the same systém may be used. If a protective fover,
for example, is attached when the display is actually iastalled, it should be included in thg test.
If actife modules or panels are being tested, the electrical connections and circuitry shopld be
protedqted against moisture exposure. The method used to protect the electrical connelctions
and cifrcuitry should be reported. Specimen sheuld be tested in the non-energized condition. If
a speg¢imen is tested in the energized condition, it shall be reported.

7 Ekposure conditions

71 Radiation

Contrgl the irradiance at the-levels indicated in Table 2. Other irradiance levels may bg used
when jJagreed on by the-interested parties. The irradiance, and the pass band in which jit was
measuyred, shall be included in the exposure report.
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Table 2 — Exposure conditions and cycles

Exposure cycle using daylight filters with wetting

Irradiance?® Temperature®
. Chamber Relative
Exposure period | Broadband |\ o4 Black Black panel | temperature | humidity
(300 nm to standard
(340 nm) temperature
400 nm) temperature

W m-2 W m2nm! °C °C °C %
102 min dry 60 +2 0,51+ 0,02 653 63+3 38+3 50+ 10

18 min water 60 £ 2 0,51 £ 0,02 _ _ _ -

Pty

If the ftest is conducted under other conditions with mutual agreement between interested parties, they stall be
reported.

NOTH 1 The * tolerances given for irradiance, temperature and relative humidity are the allowable fluctuptions
which|are defined as the positive and negative deviations from the setting of the sensor at the operational dqontrol
set pdint during equilibrium conditions. This does not mean that the set value can vary by plus/minus the amount
indicafed from the given value.

NOTH 2 Other temperatures (e.g. black standard temperature (75 °C + 3 °C) or black panel temperature {72 °C
+ 3 °d)) can be used when agreed on by the interested parties. The temperature jis stated in the exposure feport.

NOTH 3 Other conditions for spray such as spray direction, amount of water,(duration and the other can bg used
when ggreed on by the interested parties, and those conditions are stated in the exposure report.

a8 THe irradiance values given are those that have historically been used. In apparatus capable of producing
higher irradiances, the actual irradiance can be significantly highef thah the stated values, e.g. up to 180 W m2
(3P0 nm to 400 nm) for xenon-arc lamps with daylight filters.

b Fdr exposures, either broadband or narrowband for irradiancé level shall be controlled.

¢ Fdr materials sensitive to humidity, the use of (65 + 10%%’is recommended.

7.2 |Temperature

7.21 Black standard and black panel temperature

The black panel temperatures and*the black standard temperatures are those most commonly
used but have no relationship to each other. Therefore, test results obtained with each| other
are nqt always be comparable.

NOTE If a black panel~thermometer is used, the temperature indicated will be 3 °C to 12 °C lower thlan that
indicatgd by a black standard thermometer under typical exposure conditions.

If a black panel‘thermometer or black standard thermometer is used, then the panel m3terial,
the type of temperature sensor and the way in which the sensor is mounted on the panef shall
be incjuded jn the exposure report.

NOTE PE ool £ 4 o ifiad o Tolblo o £ | thoo & o £ H
I RtgRettemperattresare sSeaas-specteaHravrez ot Specrarexpostresmeenaency-ror-spe€cimens

to undergo thermal degradation will increase and this can affect the results of such exposures.

The black panel temperatures or the black standard temperatures shall be controlled at a
specified temperature as indicated in Table 2. Other temperatures (e.g. black standard
temperature (75 °C £ 3 °C) or black panel temperature (72 °C = 3 °C)) may be used when
agreed on by the interested parties and shall be stated in the exposure report. When the
specimen temperatures are higher than the actual usage temperature, the correlation between
weathering test using laboratory light source and outdoor exposure can decrease (refer to
ISO 4892-1).
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If water spray is used, the temperature requirements apply to the end of the dry period. If the
thermometer does not reach a steady state during the dry period after the short water-spray
part of the cycle, check whether the specified temperature is reached during a longer dry period,
and consider using this longer dry period.

NOTE 3 During the water-spray part of the cycle, the black standard or black panel temperature are close to that
of the water used.

NOTE 4 The additional measurement of a white-standard or white-panel temperature with a white-standard/white-

panel thermometer in accordance with ISO 4892-1 gives important information on the range of surface temperatures
of differently coloured test specimens

7.2.2 Chamber air temperature

The c?lvamber air temperature should be controlled at a specified level (see Table 2). Otherwise,
it shall be measured, and it shall be reported.

7.3 |Relative humidity of chamber air

The rglative humidity should be eontrolled at a specified level (see Table. 2). Otherwise, it shall
be megasured and it shall be reported.

7.4 |Spray cycle

The spray cycle used shall be as agreed between the interested parties but should prefgrably
be thgt indicated in Table 2.

Other|condition for spray such as spray direction; amount of water, duration and the| other
paranleters may be used when agreed on by the.interested parties and shall be stated|in the
expospre report.

7.5 |Cycles with dark periods

The cpnditions in Table 2 are valid for. continuous presence of radiant energy from the spurce.
More |complex cycles may be used.”These can include dark periods that can involve high
humidfity and the formation of condénsate on the surfaces of the specimens.

Such programmes shall be given, with full details of the conditions, in the exposure report.

8 Procedure

8.1 General

It is recomimended that at least three test specimens are exposed in each run to allow stafistical
evaluertion of the results.

8.2 Initial measurements

Specimen should be evaluated before, intermittent, and after exposure test for visual inspection,
optical performance and image quality. Visual inspection shall be performed in accordance with
IEC 62715-5-3. Optical performance measurement shall refer to IEC 62977-2-1 for darkroom
measurement and IEC 62977-2-2 for ambient measurement. For reflective displays
IEC 62977-2-8 shall be referred. Other properties may be used if agreed upon by all interested
parties.
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8.3 Mounting the test specimens

The test specimen(s) to be tested shall be placed on a specimen holder or a specified substrate
as stated in the relevant specification and so spaced from other specimens in order to avoid
shielding from the source of radiation. Temperature sensors should be attached to the test
specimen(s) if required.

8.4 Exposure

Before placing the specimens into the test chamber, be sure that the apparatus is operating
under the desired conditions (see Clause 7). Programme the apparatus with the selected
conditions to operate continuously for the required number of cycles at the selected exposure
conditions. Maintain these conditions throughout the exposure, keeping to a minimufn any
interryptions to service the apparatus and to inspect the specimens.

8.5 |Measurement of radiant exposure

If usel, mount and calibrate the radiometer so that it measures the irradiance at the exposed
surfade of the test specimen.

When|radiant exposures are used, express the exposure interval ifVterms of incident radiant
energy per unit area of the exposure plane, in joules per square mette (J m-2), in the wave|ength
band from 300 nm to 400 nm, or in joules per square metre pér’nanometre (J m2nm-1)|at the
wavelength selected (e.g. 340 nm). The incident irradiance(J,; on the exposure plane oVer the
expospre interval, ¢, is measured. Then the radiant expoSures as the incident radiant gnergy
per urlit area are calculated by multiplying I by ¢ for the‘specific wavelength band.

8.6 |[Final measurements
The tgst specimen(s) shall be evaluated against the final measurements, which are conqucted

in the|lsame manner as the initial measurements.

9 Information to be given in the test report

The r¢port of the test result shall include the following:

— depcription of the test.specimen;
— methods and resuylts-of initial, intermittent, and final measurements;

— test conditions:and measurement values (temperature, humidity, irradiance, etc.);

— temperatureysensor type used;
— test period or radiant exposure;

— anl«deviation from the specified test procedure.

The followings shall be recorded in the experimental note:

— test apparatus (manufacturer, model number, etc.).
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